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(54) MEDICAL INSTRUMENT COATED WITH AMORPHOUS CALCIUM PHOSPHATE 

(57)Abstract: 

PURPOSE: To provide a medical instrument coated with amorphous calcium phosphate with excellent purity. 
CONSTITUTION: In this medical instrument, a base member composed mainly of an organic macromolecule is coated with 
a coating layer containing 60weight% or more of amorphous calcium phosphate. Thickness of this coating layer is 0.1-200// 
m. At least a portion to be brought into contact with an organism tissue is coated with the amorphous calcium phosphate. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A medical supply which carried out the coat of the amorphous calcium 
phosphate to a substrate which uses an organic high polymer as the main ingredients by a 
coating layer contained 60% of the weight or more. 

[Claim 2] A medical supply which coated the amorphous calcium phosphate according to 
claim 1, wherein thickness of coating is 0.1-200 micrometers. 

[Claim 3] A medical supply which coated the amorphous calcium phosphate according to 
claim 1, wherein the coat of the portion which contacts a body tissue at least is carried out 
with amorphous calcium phosphate. 

[Claim 4] A medical supply which coated the amorphous calcium phosphate according to 
claim 1 , wherein a film of amorphous calcium phosphate contains amorphous calcium 
phosphate 80% of the weight or more. 

[Claim 5]A medical supply which coated the amorphous calcium phosphate according to 
claim 1 , wherein ratios of the number of calcium atoms to the number of phosphorus 
atoms of amorphous calcium phosphate are 1.1-1.9. 

[Claim 6] A medical supply which coated the amorphous calcium phosphate according to 
claim 1, wherein ratios of the number of calcium atoms to the number of phosphorus 
atoms of amorphous calcium phosphate are 1.3-1.55. 

[Claim 7] A medical supply which coated the amorphous calcium phosphate according to 
claim 1 , wherein magnesium ion is contained in amorphous calcium phosphate. 
[Claim 8] An organic high polymer in which an organic high polymer contains a 
hydrocarbon system organic high polymer and an ester group, A medical supply which 
coated the amorphous calcium phosphate according to claim 1 being an organic high 
polymer chosen from an organic high polymer containing a hydroxyl group, an organic 
high polymer containing a sulfone group, an organic high polymer containing carboxylic 
acid, and an organic high polymer containing a urethane bond. 
[Claim 9]A medical supply which coated amorphous calcium phosphate given in the 
Claim 1 paragraph, wherein a substrate which coats amorphous calcium phosphate is 
textile fabrics which processed and obtained organic textiles and/or organic textiles, or a 
nonwoven fabric. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]By coating amorphous calcium phosphate which is excellent in 
biocompatibility, this invention provides the medical supply which also gave anti- 
thrombus nature in addition to the biocompatibility outstanding to the medical supply 
with many opportunities to contact especially blood. 
[0002] 

[Description of the Prior Art]Having [ many ] calcium phosphate and the living body 
activity in which hydroxyapatite was excellent also in it are introduced at a medicine- 
related society etc., and it has become recently to the common sense of the researcher 
engaged in Medical Science Division, and those who supply a medical supply. Therefore, 
there are many reports of the process of hydroxyapatite and application, and when typical 
things are enumerated, there is the following. In the thing about a vital implant material, 
charges of a ceramic material, such as alumina and zirconia, unalloyed titanium, and a 
titanium alloy are coated with calcium phosphate system materials, such as 
hydroxyapatite, in JP,H3- 186272, A, and the member which carries out the implant to a 
bone is indicated. The art used for the portion which connects with JP,H2-13580,B the 
inside of the body and the outside of the body at the time of taking out information in the 
living body for the terminal for living bodies which consists of a hydroxyapatite sintered 
compact outside is indicated. In JP,H3-19884,Y, the art about the terminal for living 
bodies of the hydroxyapatite produced from the bone of the living thing is also indicated. 
In JP,H3-32676,A, the art about the complex of zirconia or alumina, and hydroxyapatite 
is indicated that the point that the intensity of hydroxyapatite is the hindrance of 
utilization low should be improved. 

[0003]Also about the process of hydroxyapatite, in JP,H2-13580,B. The sintering process 
is indicated and about the plasma-spraying method to the metal implant, About the 
plasma spray process to a ceramic core material, JP,S59-4691 1,B, JP,S62-34559,A, 
JP,S62-57548,A, JP,S63-46165,A, etc. have an indication at JP,S58-50737,B. An 
indication has the art which furthermore carries out thermal spraying of the 
hydroxyapatite etc. to an organic high polymer in JP,H1-291859,A. About sputtering 
process, JP,S58-109049,A has an indication, and Ceramic Society of Japan 1988 first 
autumn symposium lecture proceedings P.P401 - 402 have an indication about a flame- 
spraying method. About the burning method by glass frit, the 9th biomaterial society 
convention proceedings (1987, P6) have an indication. Furthermore about an 
electrophoresis method, Ceramic Society of Japan 1988P.P417 - 418 have an indication. 
Concerning [ and ] the method of depositing hydroxyapatite from the artificial body fluid 
which made the kind of ion, and concentration the same presentation as people's plasma, 
JP,S62-10939,B, JP,H1-54290,B, JP,H2-255515,A, JP,H3-97466,A, and JP,H4- 
144566,A have an indication. Calcium ion and phosphoric acid ion are made to react in 
solution, and the method of coating the generated hydroxyapatite is indicated by JP,H4- 
224747,A. 

[0004] Although there are few numbers, to JP,H5-5701 1,A, a report of coating of 
amorphous calcium phosphate, for example Metal, Or the coat of the compound of a 
calcium phosphate system is carried out to the heartwood made from ceramics, it is 
changed to hydroxyapatite by hydrothermal reaction, and there is an indication of the 



implant material which gave the coat of tricalcium phosphate or amorphous calcium 
phosphate on the layer further. However, a stable coating film cannot be made to generate 
on a direct organic high polymer in the coating method (a spraying process, sputtering 
process) of the amorphous calcium phosphate which has description in this gazette. And 
when the composition ratio of the generated amorphous calcium phosphate was not fixed 
and the enthesis is carried out to in the living body, A coating film is not not only 
securable for the implant material surface, but phosphoric acid ion and calcium ion are 
eluted easily, and the case of being dangerous may arise for some patients over a long 
period of time. Generally document about the medical-application way of amorphous 
calcium phosphate, Amorphous calcium phosphate in the state where it was 
comparatively unstable and became wet with ordinary temperature. Since the method of 
manufacturing amorphous calcium phosphate with that sufficient it turns out from several 
that it changes to hydroxyapatite during about one month and purity was not established, 
it was not able to be found other than this. 
[0005] 

[Problem(s) to be Solved by the InventionJThe research on the hard tissue (a bone, a gear 
tooth) is progressing also in the biocompatibility of hydroxyapatite, and while 
progressing to utilization, research is seldom following the part to other tissues, blood, 
and membrane tissue. In arguing especially about an interaction with blood, the 
evaluation about anti-thrombus nature is needed in the first place first. However, the 
actual condition is that the anti-thrombus nature excellent in hydroxyapatite itself is not 
reported, and research of this field is not progressing. Now as art which gives anti- 
thrombus nature to a medical supply, The method of using the raw material which has 
anti-thrombus nature like micro phase separation polyurethane, the method of making the 
anticoagulant of blood like heparin release gradually, the method of fixing on a substrate 
the living body origin material (medicine) which has fibrinogenolysis nature like 
urokinase, etc. are adopted, however, micro phase separation polyurethane was not 
enough as anti-thrombus nature, and in gradual release of heparin, while there was a 
problem in the durability of the effect, there was also a problem that it could not be used 
for the whole living body from the effect of the anti-thrombus nature of heparin showing 
up to the patient who has a hemorrhagic disease. The method of fixing urokinase was also 
deactivated with time, and had the problem that sufficient anti-thrombus nature was not 
securable over a long period of time. 
[0006] 

[Means for Solving the Problem]this invention person notes that there is biocompatibility 
hydroxyapatite excelled [ biocompatibility ] in an exception target as compared with 
other artificial materials, As a result of continuing research in the state where it became 
wet, paying attention to amorphous calcium phosphate which changes to hydroxyapatite 
gradually, it discovered having the anti-thrombus nature this amorphous calcium 
phosphate excelled [ nature ] in a surprising thing over a long period of time. And it also 
turned out that biocompatibility which hydroxyapatite had is also held. As a result of 
continuing research further, this invention person also developed art which coats this 
amorphous calcium phosphate with sufficient purity, and resulted in this invention. 
Namely, a medical supply which carried out the coat of the amorphous calcium 
phosphate to a substrate which uses (1) organic high polymer as the main ingredients by a 
coating layer contained 60% of the weight or more. 



(2) A medical supply in which thickness of coating coated amorphous calcium phosphate 
given [ above-mentioned ] in the 1st paragraph which is 0.1-200 micrometers. 

(3) A medical supply in which a portion which contacts a body tissue at least coated with 
amorphous calcium phosphate amorphous calcium phosphate given [ above-mentioned ] 
in the 1st paragraph by which the coat is carried out. 

(4) A medical supply which coated amorphous calcium phosphate given [ above- 
mentioned ] in the 1st paragraph, wherein a film of amorphous calcium phosphate 
contains amorphous calcium phosphate 80% of the weight or more. 

(5) A medical supply which coated amorphous calcium phosphate given [ above- 
mentioned ] in the 1st paragraph, wherein ratios of the number of calcium atoms to the 
number of phosphorus atoms of amorphous calcium phosphate are 1.1-1.9. 

[0007] (6) A medical supply which coated amorphous calcium phosphate given [ above- 
mentioned ] in the 1st paragraph, wherein ratios of the number of calcium atoms to the 
number of phosphorus atoms of amorphous calcium phosphate are 1.3-1.55. 

(7) A medical supply which coated amorphous calcium phosphate given [ above- 
mentioned ] in the 1st paragraph in which magnesium ion is contained in amorphous 
calcium phosphate. 

(8) An organic high polymer in which an organic high polymer contains a hydrocarbon 
system organic high polymer and an ester group, A medical supply which coated 
amorphous calcium phosphate given [ above-mentioned ] in the 1 st paragraph which is an 
organic high polymer chosen from an organic high polymer containing a hydroxyl group, 
an organic high polymer containing a sulfone group, an organic high polymer containing 
carboxylic acid, and an organic high polymer containing a urethane bond. 

(9) A medical supply which coated amorphous calcium phosphate given [ above- 
mentioned ] in the 1st paragraph a given substrate which coats amorphous calcium 
phosphate is textile fabrics which processed and obtained organic textiles and/or organic 
textiles, or a nonwoven fabric. 

[0008] 

[Function] Among this invention, amorphous calcium phosphate means calcium 
phosphate without the diffraction peak resulting from a crystal, for example, when it 
measures using the thin film X-ray diffractometer made from the physical science 
electrical and electric equipment. However, in order to make the effect of amorphous 
calcium phosphate of this invention appear. There should just be at least 60% of the 
weight of amorphous calcium phosphate, and with this weight %. For example, use the 
sintering hydroxyapatite powder by MITSUBISHI MATERIALS CORP. as a crystal 
water acid apatite 100%, and as calcium phosphate amorphous 100%, The coating film of 
working example 1 of this invention was stripped and formed into dropping impalpable 
powder, using the thing, various blends were performed, the X diffraction was performed, 
the analytical curve was prepared using the area of the peak of about 26 degrees by 2 
theta, and the quantity of amorphous calcium phosphate of each sample was calculated. 
Also when other crystals are mixing, an analytical curve can be prepared using the 
material which contains the crystal 100%, and weight % of amorphous calcium 
phosphate can be calculated. In order to fully pull out the effect of amorphous calcium 
phosphate of this invention, it is preferred that the coat is carried out in the layer 
containing 80% of the weight or more of amorphous calcium phosphate. Although 
amorphous calcium phosphate of this invention needs to coat the substrate which consists 



of organic high polymers, This requires an organic high polymer for that many do not 
have toxicity to a living body in raw material, it is light, intensity is high, and it is 
comparatively cheap also in price, and there being many raw materials to which the coat 
of the amorphous hydroxyapatite can be carried out. Although it is preferred that the coat 
is carried out in this invention by calcium phosphate with an amorphous portion which 
contacts a body tissue at least, it is because this has the anti-thrombus nature which was 
excellent over the long period of time with the biocompatibility excellent in amorphous 
calcium phosphate. As for the thickness of the film of amorphous calcium phosphate, 0.1- 
200 micrometers is preferred. It is because it cannot coat with less than 0.1 micrometer 
uniformly industrially, and is because a possibility of this amorphous-calcium-phosphate 
film being eroded and disappearing is while being laid underground in the living body. It 
is for distortion by the difference of the rate of expansion of the substrate and amorphous 
calcium phosphate to temperature and humidity becoming large, and a hydroxyapatite 
layer's cracking easily as a result, and becoming easy to exfoliate considering the 
cracking as a core, if 200 micrometers is exceeded. Since time until it makes an 
amorphous-calcium-phosphate layer form becomes long, it is because the industrial 
meaning which thickens a film in this way will be lost that a manufacturing cost rises etc. 
The ratio of the number [ as opposed to the number of phosphorus atoms in amorphous 
calcium phosphate of this invention ] of calcium atoms is preferred, and it is because it is 
difficult 1.1-1.9, and that this obtains anti-thrombus nature sufficient except this value 
although it is 1.3-1.55 still more preferably. 

[0009] Although it is preferred to contain magnesium ion as for amorphous calcium 
phosphate of this invention, this, Since there is work which controls change to crystalline 
hydroxyapatite [ amorphous calcium phosphate ], the magnesium ion can be, and it can 
control the speed of change with the quantity. Although excelled in flexibility as 
compared with crystalline hydroxyapatite, when an elastomer with a low elastic modulus 
is still coated, the concern of amorphous calcium phosphate which exfoliates under a 
actual service condition is high. In order to prevent this, Polymer Division with a 
comparatively high elastic modulus can be made into fibrous, and the direction which 
coated this with amorphous calcium phosphate can obtain the product excellent in 
flexibility. 
[0010] 
[Example] 

[Working example 1-3] What carried out the Soxhlet extraction of the artificial blood 
vessel made from Dacron thread (polyethylene terephthalate) with a GOLASKI 
MILLIKNIT inside diameter of 6 mm of incorporated company east **** sale with water 
for 5 hours was used for the used substrate. Coating of amorphous calcium phosphate to 
this artificial blood vessel was performed as follows. Namely, the glass powder 
[nucleation glass] and the substrate which promote generation of the core of calcium 
phosphate in [solution (1)] among the solution which dissolved the amount of calcium 
phosphate exceeding saturated concentration are contacted at 36.5 ** for 24 hours. 
Predetermined carries out time immersion of the substrate with which the core of 
hydroxyapatite adhered to the surface at a predetermined temperature from solution (1) at 
the solution (2) whose concentration is still higher, and an amorphous-calcium-phosphate 
film is made to generate. After distilled water washed, the artificial blood vessel by which 
dried and the coat was carried out with amorphous calcium phosphate was obtained. 



[001 1 ] [Manufacturing method of nucleation glass] The glass powder for making the core 
of hydroxyapatite generate was produced as follows. 
[0012] 
[Table 1] 
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[001 3] After impalpable-powder-izing the upper reagent using the mortar and mixing 
uniformly, it put into the platinum crucible and fused at 1450 ** for 2 hours. After 
passing and quenching this to a griddle, it ground using the ball mill. That whose particle 
diameter is 100-600 micrometers using the sieve for classification about this was taken 
out, and it was considered as nucleation glass after washing and desiccation. 
[00 14] [Process of solution (1) and solution (2)] The hydroxyapatite ingredient solution of 
saturation **** supersaturation concentration was produced by the following 
presentations on - real target, the quantity of chloride was controlled, solution (1) was 
adjusted to 7.25 and solution (2) adjusted the value of pH in 36.5 ** to the predetermined 
value. 

Presentation in 1 1. of solution> solution (1) solution (2) 

NaCl 7.996g 1 1 .994g NaHC0 3 0.350g 0.525g 

KC1 0.224g 0.336g K 2 HP0 4 and 3H 2 0 0.228g 0.41 Og 

MgCl 2 and 6H 2 0 0.305g 0.458gCaCl 2 0.278g 0.41 7g 

Na 2 S0 4 0.071g 0.107g 1NHC1 About 45 ml About 

68 ml Tris(hydroxymethyl) aminomethane .... 8.086g* solution (2) removed apart for 

6.057 g of sol generated through the filter with the aperture of 0.8 micrometer. 

The artificial blood vessel (the Soxhlet extraction by water is performed.) which does not 

carry out the coat of the amorphous calcium phosphate was used for the comparative 

example 1 as it was. 

[0015] 

[Table 2] 
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[00 16] [Antithrombotic and anastomotic region thickening] A part of abdominal aortas [ 
about 20 mm of] of the adult dog were replaced by the artificial blood vessel, and it 
extracted and observed one month, three months, and six months afterward. The above 
result shows there being also almost no intima thickening of an anastomotic region, and 
having the conventional artificial blood vessel contrast and the extremely outstanding 
performance, while the artificial blood vessel (medical supply) of this invention is 
excellent in anti-thrombus nature. 

[001 7] [Working example 4-8] Working example 4-8 shows that 0.1-200 micrometers is 
preferred as for the thickness of coating. The cylinder made from polyether sulphone 
(ICIPES4100G) the outer diameter of 3.5 mm, 2.5 mm in inside diameter, and 20 mm in 
length is produced. This cylinder is coated with amorphous calcium phosphate by the 
method according to working example 3. Coating thickness changed and adjusted time to 
be immersed in solution (2). Ethylene oxide gas sterilization of this sample was carried 
out, and a part of abdominal aorta of the rabbit was replaced. The joined part put the 
original blood vessel on the sample end, and fixed it with the suture. 



[0018] 



[Table 3] 
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[0019]From the above result, the film thickness of amorphous calcium phosphate in the 
medical supply of this invention is understood that 0.1-200 micrometers is preferred. 
[0020] [Working example 9-13] In working example 9-13, the ratio of the number of 
calcium atoms to the number of the phosphorus atoms of amorphous calcium phosphate 
shows 1.1-1.9, and that it is 1.3-1.55 still more preferably. The sample was produced as 
follows. Extrusion molding of the polyurethane (Sami medical polyurethane EG60by 
DIKKUSU D) catheter the outer diameter of 2.0 mm, the inside diameter 1.3, and 20 cm 
in length is carried out, and acetone washes for 1 hour. This catheter is dipped into the 
5% methanol solution of N-beta (aminoethyl)-gamma-aminopropyl trimethoxysilane, and 
is dried at a room temperature. This sample was immersed in the solution (2) of various 
hydrogen-ion densities, and predetermined amorphous calcium phosphate was coated. In 
this case, the magnesium ion concentration of solution (2) was changed if needed. After 
the done catheter gave ethylene oxide gas sterilization, it was detained as a shunt of the 
condition pulse of the rabbit neck, and the existence and the grade of the thrombus which 
took out after fixed time and adhered to the inside of a catheter estimated it. 
[0021] 
[Table 4] 
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[0022] 

[Effect of the Invention] Although it was known well that the biocompatibility excellent 
in hydroxyapatite is shown, ** which shows the anti-thrombus nature excellent in 
amorphous calcium phosphate was not known until now. Using this invention, about 
conformity with each body tissue, it is equivalent to hydroxyapatite and the new medical 
supply which also added anti-thrombus nature can be provided. 



